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Abstract 
Field radiated by HIFU (High Intensity Focused Ultrasound) has been investigated by measuring its pressure field and mapping 
in 2-D and 3-D. A new ultrasound pressure measurement system has been designed and constructed at TÜBøTAK UME (The 
Scientific and Technological Research Council of Turkey, the National Metrology Institute). System consists of a water tank, 
positioning system, measurement devices and a controlling program. The hydrophone was attached to a 3-axis, computer-
controlled positioning system for alignment with the ultrasound source. The signal was captured and analyzed by the 
commercially available LabVIEW 8.1 software. The measurements of the ultrasound field were carried out with a needle 
hydrophone. For each waveform, p, p+ and p-pressures have been calculated. Wave behaviors produced by the KZK model and 
from experiments look like similar in general. In p,  p+, p- the focal point, zero point after the primary peak (focus) and 
extremum points in the near field well match. 
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1. Introduction 
An important approach of fight against cancer is the discovery of novel techniques for diagnosis and treatment. 
Accurate diagnosis and treatment methods will empower the therapy for the patient. 
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Therapeutic ultrasound techniques in especially cancer treatment need to be supported by metrological tools in 
order to establish the safe use of ultrasound. HIFU transducer that produces up to few hundreds of Watts power in 
MHz frequencies is used as novel technique in cancer therapy in medicine.  
During HIFU treatment, the temperature and ultrasound field distribution play an important key role. In order to 
ensure safe and efficient treatment, the temperature and ultrasound field distribution should ideally be known. 
Ultrasound field must be determined with sufficiently high accuracy, so as to warrant a safe medical application.  
Many different studies on this subject can be found in the literature Pickles et al. (2005), Hynynen et al. (2007) and 
Zhou (2011). It is well known, that maximum ultrasonic power from HIFU transducers could be obtained on their 
focal point. Significant deviation from this maximum value can be found out of the focal point and on the axis 
different from the axis of maximum radiation. Therefore, exact determination of the focal distance and results of 
field characterization of HIFU transducers enable indispensable information for engineers engaged in design of 
medical devices with HIFU transducers.  
2. Theoretical assumptions 
Numerical modeling of experimental conditions was performed using a (Khokhlov-Zabolotskaya-Kuznetsov) 
KZK-type nonlinear parabolic equation, generalized for the frequency-dependent absorption properties of the 
propagation medium by Zabolotskaya et al. (1969), Kuznetsov (1971), Baker et al. (1995) and ùahin (2000) is: 
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In equation (1), p is the acoustic pressure, z is the propagation coordinate along the axis of the beam, c0 is the 
ambient sound speed, Ĳ is the retarded time and ȡ0 is density of medium (water).  
Focused transducers can be modeled by knowing the source parameters, such as the main working frequency, the 
radius of curvature and the effective operational aperture of the source. The radius of curvature and the diameter of 
the transducer were nominally stated by the manufacturer as 62.6 mm and 64.0 mm, respectively. However, 
knowledge of these parameters still does not allow modeling the source as a uniform piston: the transducer housing, 
surface waves and in homogeneity of the piezoceramic might limit and distort the exact uniform vibration of the 
source. 
Therefore, it is necessary to first obtain the effective operational aperture and the radius of curvature of the 
source. To simplify the problem, the source was modeled as a curved uniform piston using nominal measures of 
curvature and aperture, and the axial and transverse pressure plots were calculated in the linear regime and 
compared with the measurements.  
Waveforms simulations in axial and transversal (radial) directions were performed with the HIFU-Simulator, 
which is a freely distributed MATLAB-based software package (HIFU Simulator). Material parameters of the 
measurement environment (water in this case) were adjusted in the software. Theoretical results are shown in Fig. 1. 
 
                 
(a)      (b) 
Fig. 1. (a) Axial pressure (including the first five harmonics); (b) Axial peak compressional and rarefactional pressures  
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3. Measurement system specifications  
The H-102 from Sonic Concepts and Precision Acoustics (PA) HIFU transducers were used as sources. 
Fundamental frequency of H-102 is 1.10 MHz, active radius is 70 mm, focal point is 62.6 mm. PA transducer has a 
0.93 MHz resonance frequency. HNA-0400 hydrophone from ONDA Corporation was used as receiver. It is a 
commercially available HIFU hydrophone presented by Zanelli and Howard (2005) and consisting of a sensing PZT 
(Lead Zirconate Titanate – namely called Piezo-electric ceramic) element with a diameter of 400 μm, which is 
protected by a metallic coating with a thickness of 30 μm. Measurement tank has been designed and produced for 
mounting the transducers and hydrophones in different arms which are controlled individually, as seen in Fig. 2. 
Other specification are as follows: 
• Tank Dimensions; 200 cm (length ) x 100 cm (width) x 100 cm (depth) 
• Two arms one with x, y, z (depth) direction motion and the other with z (depth) and rotation motion 
• Positioning accuracy is 100 um and 0,01 ° 
• Fully automated system synchronized with measurement system. The translation stage was controlled by a 
Labview program which also allows a joystick control 
• The driving signal was generated by National Instruments, NI PCI-5412) and output from the hydrophone 
analyzed by digitizing signal oscilloscope card, (NI PCI-5105) 
• Measurement parameters: pp, (and harmonics, p2, p3, p4, p5), p+, p- 
• 2D/3D mapping, side lobes characterization and bigger transducer measurements are possible 
4. Mesurement results 
Axial pressure amplitudes p and p+ for Sonic Concepts and for Precison Acoustics HIFU transducers have 
similar behavior. In the near  field, there are number of oscillations, a clear maximum at focus and a minimum after 
focus at far field were resolved in Fig. 3a and 3c. Similarly p+ and p- can be comparable with model for both 
transducers in Fig. 3b and 3d. 
Lateral pressure amplitudes p for Sonic Concepts have side lobes in Fig. 3f as expected. In Fig. 3g, lateral 
pressure amplitudes can be seen in near field, at focus and in the far field. 3-D scans of pressure fields at focus and 
at far field for Sonic Concepts HIFU transducer can be seen in Fig. 3g and h. Theoretical model for p+ (peak-
compressional acoustic pressure max) and p- (peak-rarefactional acoustic pressure) was compared with experimental 
results. Match between the primary peaks in the focus, zero point after the primary peak (focus) and extremum 
points in the near field are important.  
The general wave behaviors generated by theoretical model and experiments look like comparable. However 
fundamental peaks have similar amplitude, the focal point is somehow shifted. This might be due either to the large 
sensing element and the limited frequency range or to the phase response of the hydrophone, which was not 
available from the manufacturer.  
 
 
Fig. 2. Photograph of the water tank and measurement system for HIFU pressure measurements 
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Fig. 3. (a,b) Axial pressure amplitudes p and p+ for Sonic Concepts and (c,d) Axial pressure amplitudes p and p+ for Precison Acoustics HIFU 
transducers .(e,f) Lateral pressure amplitudes p for Sonic Concepts. (f,g)  3-D scans of pressure fields at focus and at far field for Sonic Concepts 
HIFU transducer. 
5. Conclusion 
There is an agreement between the theoretical model that is based on the KZK equation and the experimental 
data produced in home-made new ultrasound pressure measurement system constructed at TÜBøTAK UME. The 
near field side lobes, the main focal lobe and zero point after focal point are very well matched.  
Higher-pressure parts of the wave travel faster than lower-pressure parts, causing the distortion of the temporal 
waveform in Fig. 3b and 3d. In the frequency domain, such distortion generates higher harmonics of the 
fundamental frequency that are more readily absorbed. Nonlinear distortion effects accumulate as the wave 
propagates and are accelerated by an increase of the wave amplitude. In focused fields, nonlinear effects are the 
strongest within the focal zone, where the amplitudes are the highest.  
A combination of numerical simulation and measurements up to the highest outputs experimentally accessible 
seems to provide the best reliability for the characterization of the acoustic output of HIFU devices.  
The width and shape of the main lobe and side lobe are almost at same height. In the other lateral axis (y-axis), 
the sketches can be seen in Fig.3f for the focus at 62 mm, near field at 22 mm and 42 mm and far field at 82 mm and 
102 mm for Sonic Concepts HIFU transducer. At focus, the side lobes are clearly resolved. Side lobes are almost 
missing since in radial axis curves as seen in Fig. 3e and 3f. Lateral axis (z-axis) in the sketches can be seen for the 
focus, near field at 22 mm and 42 mm and far field at 82 mm and 102 mm for Sonic Concepts HIFU transducer. At 
focus, high gain is resolved.  
Similar pressure measurements have been realized in literature by Canney at al. (2008), Hariharan at al. (2008), 
Bessonova at al. (2013) and Karaböce (2015) and similar systems are available in some metrology institutes (PTB, 
NPL and INRIM) and manufacturers (Onda Corporation, Precision Acoustics and Gampt). It will be easier to 
characterize side lobes for the transducer with rotation feature in source arm of the new measurement system 
presented here. Relatively big tank assures longer burst signal by giving more accurate pressure readings and allows 
characterization of bigger transducers.   
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